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Introduction—..

Absolutely
on CTX. Thrae

calibrated VUV epectroecopic -asuremente have been taken
simultaneous measurements at different chordal positions

(impact parameters of up to 31 cm) have been ueed to eiztimate spatial
profllee, see Fj.g.la. The intensity of the OV (629.7A) and the OVI
(1037.6A) show a “pumpout”’(from - 160 pe to 320 w into the discharge) or
impurity confinement that is spati~liy dependent vitn better confinement
near the magnetic axis (~ -90 us). L=(1215.7A) measurements also show
similar behavior for the game ~rtion of the discharge but has the added
benefit of beifiguseful for the duratio? of the dimcharge. Attempts to
au~tain the upheromak result in an increase of tungsten impurity radiation.

Three normal incidence 0.2 meter VUV monochromators were cross
calibrated with an absolutely calibrated 0.4 ❑eter VUV monochromator on
loan from Johns Hopkins University.2 They, and anothor 1 meter normal
incidence VUV monochromator, have been used at 0° (O-cm impact parameter)
to simultaneously monitor up to four separate spectral lines. ‘l’he
measurements were taken in the 80-cm-diameter copper-mesh flux conserver.
The particle confinement time wae analyzed only for decaying plaemae when
the epheromak is fully disconnected from the source. The impurity studies
portion of this paper was taken during several modes of sustained

operation.

Particle Confinement Times—— ...—..- ---.-—-- -—

The particle confinement time was ❑cabured in two independent ways.
In the glow moiie of formation, the spheromak is rwapletely dl~connccted
from the source at about 160 pa and no further source of highly ionized
oxygen is avu{lnble. Mo~t of the oxygen iEI in the OV and the OVI
Ionization statee and the majority ?f the oxygen radiation cornea from these
states. From mo~litoringOV at 629.7A and WI at 1037.6A plus the elect:on
d=neity from the interferometer one can CalCUIIIte aIl oxyge~ confinement
time. From the absolute intensities of the OV and OVI lines and ae~uming a
deneity and B temperature one obteinb the abeolute density of OV and OVI
(assuming coronal conditions), To obtain epatial spectral information, a
subtraction 10 performed (Fig. l.~.) by taking the average intensities of
the outer chords and ellbtractingthe average intenuity ❑ultiplied by its
effective path length from the nnyltinn~r chord to find the inner ch~rd
average intmsity, U.S.W.

Plots of the sum of OV and OVI densities for all three regions are
shown fn Fig. 2. Particle confinement tlmcs of Z22 - 90 w, ~1~ -o 50 }M,
and X33 - 40 10 are obtained aceuming a constant deusity profile and n
temperature between 4CJCV and 60 eV (as ❑easured by Thomson scattering).
Errors of up to 50% might he expected.
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Space resolved La reeult8 give confinement similar to the oxygen
pumpout. Following Ref. 1, we can calculate the ionization ratea for a
given intensity of La (Fig. 3) if we also know the temperature and the
density. ‘deknow that

.
. dne -ne
- — = -.— + ionization rate,. dt

‘P

where the ionization rate ia found by frorcRef. 1, and ‘c is the desired
particle confinement time. %During the time of oxygen pump ut we find from
the La z (region 3) -55 pa, z (region 2) -110 ya,
1) - and ra~~~;eg;~;40 pa ~hich are in good agreem$nt with the oxygen pum~out
later times during the density plateau (n= - 5 x 10 cm- ) the particle
confinement times are T (region 3) - 40 pa, -T(region 2) - 100 w, and
~ (region 1) - 30 ~, wit~ errors of up to 50%. $he data are summarized in
t~ble I.

,

Z!!!P!@wutudies

For the slow mode of formation, the level of oxygen at 165 pa is
approximately 4% at the magnetic axis, the line averaged level at this time
is -2.5%. We have again assumed a constant de.,sity and temperature
p:ofile.

Attempts at various forms of sustainment have been Lried and have
resulted in cold spheromaks with the exception of mixed mode operation.
The ❑ixed mode of formation involves format ~n in the s1o”1mode plus an
additional high inductance current dource to add curreut at a low lewel to
the spheromak. This was found to stabilize the n = 2 oscillaLlous of the
spheromak with little injection of additional impurities as shown IN
Fig. 4mb. Additional current above the mixed mode current (called here the
overdriven ❑ixe~ mode) resulted in substantial injection of tmpurititifl,a
large fraction being heavy metals and the rest low level ionization states
of 1ow-Z impurities as shown in Flq. 4.e. In the long pul~e sustained
mode of operation, the source is run ac low currents for a long perlnd.
Fignre hf. shows that metals are injected into the epherumek to
approximately the same proportions ae in the ovardriven mix-d modu
operation.

For the overdrive mixed and long pulse su~tafned modes of formation,
Lhe linee monitored and eummcd were not the complete aet hut only e
aubaitantialfraction, there~~re cr,lythe trend~ nf the radfation ace tn be
noted and not the rbsolut~ valur’t.



-3-

Summary

Space resolved particle confinement times have been uaeured in two
independent methode in CT%. The confinement time near the magnetic axle
was found to be T - 100 pa and a factor of two lower for the outer flux
surfaces. Attempt~ at sustainment ao far have resulted in ccld plasmaa dnd
additional impurities being injected with the flux. This problem is being

specifically addressed in the electrode facility.5
5
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1Fig. 1 a Physical setup of VUV monochromtors
b Equivalent picture with subtraction
routine.
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Fig. 3 d) L radiation powers for region 5
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Fig. 2. Densdtyof CV plus density of
OVI for regions I, 11, and ~11,
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electron density.

TABLE I

Sunsnaryof particle r.unfinementtime.
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Fig. 4 a) Total power of the major
im urity spec ral lines (plus
!La frm 500 1 to 1250fl for

the slow mode formation.
b) Total rower of the major
and minor spectral lines for
mixed mode fonration. Major
lines are thos(:that dominate
for the slow mode of formation
and minor lines show up only
as traces for the slow mode.
C) Major and ~linorimpurity
radiation for the long pulse
sustained method of formation.
e) Composition of “minor”
impurity radiation, metals
plus low ionization states of
O, N, C for overdrive mixed
mnde.
f) Composition of minor im-
Purity r~diation for long
pulse sustained operation.


